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Three experiments (total N ! 1,058) were conducted to investigate the relationship
between memory accuracy and subjective confidence using thematic lists constructed
on the basis of spontaneous accessibility, that is, the frequency with which items are
spontaneously generated as category members. After memorizing lists of words and
performing a distractor task, participants completed tests of recognition memory and
rated confidence in their memory for 4 item types: studied items (second highest
spontaneous accessibility) and 3 types of nonstudied items, including strong lures
(highest spontaneous accessibility), weak lures (third highest spontaneous accessibility), and semantically unrelated items. In Experiments 1 and 2, the items were
presented as lists, whereas in Experiment 3, they were embedded in short vignettes. In
Experiments 1 and 3, amount of material to be encoded (1 vs. 10 or 8 lists of 15 items),
and in Experiment 2, modality of stimulus presentation at encoding and at test
(visual–visual, auditory–auditory, and auditory–visual) were varied between participants. Across all experiments, the confidence–accuracy relationship remained consistently positive for studied items. However, increasing the amount of information to be
memorized, using inconsistent stimulus modalities across encoding and retrieval, and
embedding the items in vignettes resulted in (a) zero or negative confidence–accuracy
relationships for weak lures and (b) highly negative confidence–accuracy relationships
for strong lures. These results demonstrate that subjective confidence judgments are
made on the basis of inferential processes in the course of which spontaneous accessibility is mistaken for memory strength.
Keywords: confidence–accuracy relationship, false memory, memory confidence,
metacognition, metamemory

Human memory is both powerful and fallible.
Research on memory has revealed highly accurate memory for known faces, with the capacity

to detect infinitesimal distortions limited only
by visual acuity (Brédart & Devue, 2006; Ge,
Luo, Nishimura, & Lee, 2003), the ability to
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remember narrative details of movies weeks and
even months after the original viewing (Furman, Dorfman, Hasson, Davachi, & Dudai,
2007), and a long-term memory store exceeding
one billion bits of information (Landauer,
1986). Furthermore, accurate recollection of the
perceptual details of several thousand studied
images has been documented (Standing, 1973),
even when lures were not randomly selected,
but rather came from the same object category
as the targets (Brady, Konkle, Alvarez, & Oliva,
2008). At the same time, the past several decades of research on memory have repeatedly
demonstrated the relatively trivial ways in
which memory can be distorted, even under
consequential conditions (e.g., Hirst & Echterhoff, 2012; Tulving & Craik, 2000; Wells &
Olson, 2003; Wixted, 2004). Such distortions
include, for instance, source-monitoring errors,
the formation of completely erroneous autobiographical memories, and the modification of
existing memories upon reactivation.
Even when memory breaks down, failure to
remember may be less costly if humans’ metacognitive abilities can intervene to provide accurate information on the reliability of each
memory trace. In other words, if we were aware
of when our memory is accurate and when it is
not, we would be able to navigate rationally
through life by taking appropriate steps under
these differing conditions revealed by our metacognitive abilities. In fact, in surveys of opinions about memory ability, laypeople seem to
assume both that their memories are usually
veridical and that even when their memory fails,
metacognitive monitoring will allow them to
track the possibility of memory failure (Kassin,
Ellsworth, & Smith, 1989; Kassin, Tubb, Hosch, & Memon, 2001; Lindsay, Wells, & Rumpel, 1981; Penrod & Cutler, 1995).
In the present research, we investigated the
confidence–accuracy relationship, that is, the
robustness of the capacity to distinguish an accurate memory from an inaccurate one or, in
other words, the ability of memory confidence
to track memory accuracy. When memory accuracy is high, is confidence in that memory
also high? And, similarly, when memory accuracy is low, is confidence in that memory also
low?
On the one hand, we might find evidence for
adaptive metacognitive processes that properly
discriminate between accurate and inaccurate

memories under a wide range of encoding and
retrieval conditions. On the other hand, we
might find that the same processes that produce
distortion in memory also undermine metacognitive processes that track memory accuracy. If
the latter is the case, metacognitive processes
may break down when they are most needed (cf.
Dunning, Johnson, Ehrlinger, & Kruger, 2003;
Hacker, Bol, Horgan, & Rakow, 2000; Kruger
& Dunning, 1999), which would make the consequences of memory errors considerably more
damning.
The question of the confidence–accuracy relationship has far-reaching theoretical implications. It places fundamental constraints on our
understanding of how metacognition works, including whether people can directly access the
contents of their minds, or, alternatively,
whether memory strength is inferred on the
basis of usually accurate but possibly misleading cues (Schwartz, 1994). In addition to its
theoretical implications, the question of metacognitive accuracy also bears on a wide range
of everyday situations. For instance, if
metamemory is usually accurate, people can
reasonably assume that the more confident a
report is of a prior event, the more likely the
report is to be reliable; the stronger the subjective feeling of memory is for studied material,
the better one will do on an upcoming exam; the
more a manager is skeptical of his or her own
ability to remember the past performance of an
employee, the more s/he will rely on documentation to arrive at a decision; and the more
confidence a doctor has that she or he has recalled the right name of a disease from its
symptoms, the more competent s/he will be.
The Confidence–Accuracy Relationship
The confidence–accuracy relationship has
been investigated extensively and primarily in
the context of eyewitness testimony (for reviews, see N. Brewer & Wells, 2006; Deffenbacher, 1980; Leippe, 1980; Wells & Murray,
1984; for meta-analyses, see Bothwell, Deffenbacher, & Brigham, 1987; Cutler & Penrod,
1989; Sporer, Penrod, Read, & Cutler, 1995).
The overall conclusion of this literature is that
the relationship between objective accuracy and
subjective confidence is, at best, tenuous. In this
vein, it has been shown that various manipulations can affect confidence without affecting
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accuracy. For instance, information about an
ostensible co-witness having made the same
identification judgment (Luus & Wells, 1994),
other forms of confirming feedback (Wells &
Bradfield, 1998), and postevent briefing from an
attorney (Wells, Ferguson, & Lindsay, 1981)
can boost confidence without making participants’ memories any more accurate. Other manipulations can affect accuracy without affecting
confidence. For instance, optimal recognition conditions are associated with higher levels of accuracy without concomitant changes in subjective
confidence (Lindsay et al., 1981).
However, findings from the eyewitness testimony literature might not readily generalize to
other kinds of memory. Specifically, research
on memory has been characterized by a tension
between internal and external validity (Banaji &
Crowder, 1989, 1991), with pressures to guarantee both the internal validity and the ecological realism of research procedures. Studies that
favor ecological realism and those that favor
internal validity have produced differing views
of the confidence–accuracy relationship.
In direct contradiction to the findings from
the eyewitness memory literature, many experiments involving the simple memorization of
word lists have revealed highly positive relationships between memory accuracy and subjective confidence (Arbuckle & Cuddy, 1969;
Mandler & Boeck, 1974; Mickes, Hwe, Wais, &
Wixted, 2011; Mickes, Wixted, & Wais, 2007).
It has also been demonstrated, however, that the
inclusion of potentially misleading items in a
memory task can disrupt the usually positive
confidence–accuracy relationship. For instance,
Brewer and colleagues (W. F. Brewer & Sampaio, 2006; Brewer, Sampaio, & Barlow, 2005)
investigated the relationship between confidence and accuracy in the cued verbatim recall
of sentences. Some sentences were deceptive in
that they were likely to produce synonym substitutions (e.g., “The class was difficult,” which
many participants recalled as “the class was
hard”). Whereas a strong positive confidence–
accuracy relationship was found for nondeceptive sentences, confidence was unrelated to accuracy for deceptive sentences.
Other studies have used the Deese–Roediger–
McDermott (DRM) paradigm (Deese, 1959;
Roediger & McDermott, 1995) to explore the
confidence–accuracy relationship, with mixed
results. In this paradigm, participants memorize
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lists of semantically related items and are then
administered a recall or recognition task. Crucially, each list converges on a close semantic
associate that is never presented at encoding.
The measure of the DRM effect is the extent to
which participants erroneously recall or recognize the critical lure (i.e., the nonpresented semantic associate). In some cases, a highly positive relationship was found between subjective
confidence and accuracy. For instance, McKelvie (1999, 2001) asked participants to study
several DRM lists and to complete recall or
recognition tasks. Across all studies, participants were more confident about their memory
for correctly remembered items than about critical intrusions (see also Payne, Elie, Blackwell,
& Neuschatz, 1996; Read, 1996). Pirmoradi and
McKelvie (2015), by contrast, found no relationship between confidence and accuracy in
the DRM paradigm: Average confidence did not
differ across studied items and critical lures.
Roediger and DeSoto (2014a) and DeSoto
and Roediger (2014) used another list-learning
paradigm involving deceptive items to study the
confidence–accuracy relationship. Unlike the
DRM task, the list-learning paradigm used in
these studies is based on spontaneous accessibility rather than associative strength, the idea
being that nonpresented items that constitute
good instances of a category (such as “apple”
for fruits or “dog” for animals) will be falsely
recognized with high levels of subjective certainty because participants mistake chronic accessibility for prior exposure in the context of
the experiment (Meade & Roediger, 2006,
2009; S. M. Smith, Ward, Tindell, Sifonis, &
Wilkenfeld, 2000). Roediger and DeSoto
probed the confidence–accuracy relationship
using three different measures: betweenparticipants correlations, between-events correlations, and resolution (relative accuracy within
each participant). For studied (i.e., nondeceptive) items, all three correlations were positive,
whereas for nonstudied chronically accessible
items, the relationship was found to be mostly
negative, but sometimes also positive or zero,
depending on the analysis used.
The Present Project
Given that prior work has found positive (Arbuckle & Cuddy, 1969; Mandler & Boeck,
1974; Mickes et al., 2007, 2011) and zero (Pir-
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moradi & McKelvie, 2015) relationships between judgments of subjective confidence and
objective measures of accuracy in list-learning
paradigms, in the present project we sought to
probe the boundary conditions of this phenomenon, relying on high-powered designs to explore a range of possible moderators. The recent
studies conducted by Roediger and DeSoto
(2014a) and DeSoto and Roediger (2014) were
path-breaking in that they were the first ones to
demonstrate all three possible kinds of relationships (positive, negative, and zero) between
memory confidence and accuracy using the
same general kind of material (i.e., thematic
lists of words) in a tightly controlled experimental paradigm.
In the present studies, we aimed to replicate,
extend, and further elucidate the results of
DeSoto and Roediger (2014) and Roediger and
DeSoto (2014a) in the following ways. First, to
be able to induce a reasonable degree of variation across trial types, the Roediger–DeSoto
experiments used a highly demanding setup:
Participants studied and were tested on hundreds of items, and they were required to switch
between stimulus modalities across encoding
(auditory) and retrieval (visual). As we discuss
in more detail below, both of these features of
the experiments may have led to poor metacognitive performance. Our present experiments
explicitly varied the amount of material to be
studied and the modality of stimulus presentation (visual vs. auditory) at encoding and test.
Second, Roediger and DeSoto used only lists of
words as stimuli in their experiments. These
materials have the undeniable advantage of offering superior internal validity; however, findings from such experiments may not generalize
to metacognitive effects when the material involves richer stimuli. Therefore, in one experiment we embedded the to-be-memorized items
in short narratives to test whether the same
result would be obtained if the materials more
closely resembled the type of information ordinarily encountered in social communication.
Third, the total sample size across the three
experiments reported here was more than six
times larger than in the experiments conducted
by Roediger and DeSoto (N ! 166 versus N !
1,058), which— combined with the large number of items completed by each participant—
provided the ability to detect any existing relationship between memory confidence and

accuracy if such a relationship existed, or to
confidently rule out any such relationship if one
was not detected. In addition, our studies used
samples from general adult populations with a
wider range of cognitive abilities and cultural
backgrounds. And finally, as explained in more
detail in the Results section of Experiment 1
below, our analysis strategy allowed for appropriate treatment of multiple dependencies, offered a model-based, rather than purely descriptive, approach, did not require the exclusion of
participants or items with zero variance, and
preserved Type-I error rates even in the face of
significant item effects.
Moderators of the Confidence–Accuracy
Relationship
Spontaneous accessibility. Emulating
DeSoto and Roediger (2014) and Roediger and
DeSoto’s (2014a) procedures, participants in all
experiments that we report completed tests of
recognition memory for both studied items and
nonstudied, yet highly accessible items (lures).
In line with prior work, we expected memory
performance to be excellent for studied items
(DeSoto & Roediger, 2014; Meade & Roediger,
2006, 2009; Roediger & DeSoto, 2014a; S. M.
Smith et al., 2000). Crucially, based on the
unequivocal results reported by Roediger and
DeSoto, we hypothesized that the confidence–
accuracy relationship would remain consistently positive for studied items. Furthermore,
we anticipated high rates of false alarms for
lures (DeSoto & Roediger, 2014; Meade &
Roediger, 2006, 2009; Roediger & DeSoto,
2014a; S. M. Smith et al., 2000). However, in
spite of poor memory performance for lures, the
confidence–accuracy relationship might still remain positive, provided that reliance on metacognitive capacity leads participants to realize
that lures can cause memory distortions. On the
other hand, if the ability to discern the source of
familiarity for an item is compromised, the confidence–accuracy relationship should break
down. As mentioned above, Roediger and
DeSoto (2014a) and DeSoto and Roediger
(2014) reported positive, negative, and nonsignificant confidence–accuracy relationships, depending on the kind of analysis used. Therefore,
one goal of the present project was to conclusively establish the nature of the confidence–
accuracy relationship for lures by using large
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samples and adequate statistical analyses. We
explored this issue across Experiments 1–3.
Amount of information. The list-length
effect, that is, the result that as the amount of
material to be studied increases, memory performance goes down, is one of the earliest
(Strong, 1912) and most consistently replicated
(Gillund & Shiffrin, 1984; Gronlund & Elam,
1994; Murnane & Shiffrin, 1991; Ratcliff,
Clark, & Shiffrin, 1990; Shiffrin, Huber, &
Marinelli, 1995) findings from the memory literature. In fact, when participants studied 16,
rather than six, lists in the DRM paradigm, false
recognition increased considerably, and hit rates
and false alarm rates became indistinguishable
(Roediger & McDermott, 1995). Therefore, in
our studies, we expected that increasing the
amount of information to be encoded would
result in a detriment to memory accuracy. More
important, however, was that we sought to investigate whether with the faltering of memory
performance, the confidence–accuracy relationship would also break down, or if cognitive and
metacognitive performance would remain unrelated. If the former were the case, given their
use of large amounts of material to be studied,
DeSoto and Roediger may have arrived at an
overly pessimistic assessment of the confidence–accuracy relationship (DeSoto & Roediger, 2014; Roediger & DeSoto, 2014a). More
specifically, under less cognitively demanding
conditions, the confidence–accuracy relationship might be less strongly negative, or even
positive, for deceptive items. We explored the
effects of list length on metacognitive performance in Experiments 1 and 3.
Stimulus modality. Studies of memory
have produced the well-established result that
the modality of stimulus presentation at both
encoding and retrieval influences memory accuracy. Some research has suggested that auditory
presentation of stimuli leads to poorer memory
performance than visual presentation, including
more intrusions of nonpresented stimuli in both
recognition and recall (Beauchamp, 2002;
Cleary & Greene, 2002; R. E. Smith & Hunt,
1998; but see Maylor & Mo, 1999). By contrast,
other studies have indicated that, in line with the
encoding specificity principle (Tulving &
Thomson, 1973), it is the match between encoding and retrieval that matters. When modality at
encoding and retrieval is the same, superior
memory performance should result, as opposed
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to when the modalities differ (Kellogg, 2001).
In addition, evidence has also been provided for
the simultaneous operation of both effects. For
instance, Gallo, McDermott, Percer, and Roediger (2001) found especially high levels of false
recognition for auditory encoding and visual
testing and lower, but still considerable, levels
of false recognition for visual encoding and
auditory testing (see also Israel & Schacter,
1997). Across all their studies, Roediger and
DeSoto presented stimuli auditorily at encoding
and visually at test. Under all three modality
hypotheses, this might have led to worse memory accuracy and metamnemonic performance
compared with matched modality at learning
and at test. To systematically test the presence
and magnitude of modality effects, Experiment
2 included conditions with both matched and
mismatched modalities across encoding and retrieval.
Complexity of information. Finally, in
Experiment 3, we tested the nature of the confidence–accuracy relationship in a linguistic
context that matched everyday social communications, which take the form of narratives
rather than lists of words. Here, two possible
hypotheses were considered. First, by virtue of
creating interconnections between items, narratives have a causal structure (Black & Bern,
1981), which may make memory accuracy superior to list learning. Alternatively, the narrative format of the vignettes might cause memory performance to falter because the narratives
(a) draw participants’ attention to the shared
category of the items included in the text,
thereby potentially increasing the incidence of
gist intrusions (Brainerd & Reyna, 2002), and
(b) may allow task-irrelevant details to interfere
with learning. Overall, manipulating complexity of information presented us with another
opportunity to probe whether changes in cognitive performance are associated with concomitant changes in metacognitive performance.
Experiment 1
Experiment 1 investigated the relationship
between memory confidence and memory accuracy, relying on a modified version of the paradigm used in recent experiments by DeSoto
and Roediger (2014) and Roediger and DeSoto
(2014a). Participants studied lists of semantically related words (e.g., musical instruments)
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created on the basis of spontaneous accessibility, that is, the frequency with which each item
is spontaneously generated as an instance of the
given category. For example, within the category of musical instruments, the item “violin” is
highly spontaneously accessible, whereas the
item “cymbal” is much less so. Subsequently,
participants were tested for recognition memory
and provided accompanying confidence ratings
for previously studied items as well as some
novel items (lures) that systematically varied in
spontaneous accessibility.
In addition to the effects of spontaneous accessibility probed by Roediger and DeSoto, Experiment 1 also explicitly explored the effects of
list length on the confidence–accuracy relationship. If cognitive and metacognitive performance were tethered to each other, increasing
the number of lists to be studied should interfere
not only with participants’ memory accuracy
(Gillund & Shiffrin, 1984; Gronlund & Elam,
1994; Murnane & Shiffrin, 1991; Ratcliff et al.,
1990; Shiffrin et al., 1995; Strong, 1912) but
also with the relationship between subjective
confidence and accuracy. Alternatively, cognitive and metacognitive performance might not
be modulated by the same variables, and thus
the confidence–accuracy relationship could remain unaffected despite the expected detriment
to memory accuracy when more information
is to be remembered. Finally, unlike in the
DeSoto–Roediger experiments, stimuli were
presented in consistent (visual–visual) modalities at encoding and at test, thus ruling out the
possibility that the results observed were exclusively due to auditory stimulus presentation
(Beauchamp, 2002; Cleary & Greene, 2002;
R. E. Smith & Hunt, 1998), mixed modalities
across encoding and recognition (Kellogg,
2001), or both (Gallo et al., 2001; Israel &
Schacter, 1997).
Method
Participants. 272 users from Amazon.
com’s Mechanical Turk (MTurk) were paid
$0.50 or $4.00 (depending on condition) in exchange for their participation. To ensure adequate command of the English language and
compliance with task instructions, participation
was restricted to users with residence in the
United States and an approval rate of at least
90% on previous MTurk assignments. Partici-

pants completed the experiment online using
their own computers.
Materials. The materials were 10 lists of
semantically related words, created by DeSoto
and Roediger (2014) by asking participants to
list as many members as possible of a given
category (e.g., a fruit or a part of the human
body).1 The 25 most highly accessible (i.e.,
most frequently reported) members of those categories were included in the lists. Specifically,
the five most highly accessible category members were used as strong lures, the next 15 most
highly accessible category members were used
as studied items, and the last five category
members were used as weak lures. In addition
to the 25 semantically related words, each list
included five words that were unrelated to the
semantic category of the list, resulting in a total
of 30 words per list (i.e., 15 studied items, five
strong lures, five weak lures, and five unrelated
items).
Design and procedure. The experiment
consisted of three phases: a study phase, a distractor task, and a test phase. At the beginning
of the experiment, participants were pseudorandomly assigned to one of two betweenparticipants conditions determining how many
lists they would be asked to memorize in the
study phase and how many items they would be
asked to classify as old or new in the test phase.
More participants (N ! 208) were assigned to
the one-list condition than to the 10-list condition (N ! 64), resulting in a comparable number
of trials across the two conditions. In the study
phase, participants memorized either one list or
10 lists of words, depending on condition. The
distractor task required participants to engage in
a relatively cognitively demanding but unrelated activity, thus allowing for memory consolidation and forgetting to occur. In the test
phase, participants were asked to provide recognition judgments for studied and nonstudied
items and to indicate their level of confidence in
their recognition memory.
Study phase. Participants in the one-list
condition were instructed that they would see a
list of words they would have to memorize. On
the following screen, they were presented with
15 semantically related items to study. Each
1
The full list of stimuli is available for download from
the Open Science Framework (OSF; https://osf.io/9z2gp).
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participant was presented with items from only
one list, randomly selected from the 10 lists of
semantically related words. The list of words
was presented simultaneously, with all 15
words presented in randomized order that was
kept consistent across participants. Participants
studied the word list at their own pace. Once
they proceeded, they were not allowed to return
to the previous screen. The 10-list condition
was similar, with the exception that participants
studied and were tested on all 10 word lists
rather than a single randomly selected list. Participants in this condition were presented with
the 10 lists in individually randomized order.
They advanced to the next list at their own pace.
Distractor task. After studying the list(s) of
words, all participants regardless of condition
completed a 5-min distractor task, in which they
were instructed to list all United States presidents in chronological order (Roediger &
Crowder, 1976; Roediger & DeSoto, 2014b).
Participants were asked to enter their responses
in a textbox while a timer counted down the
remaining time. Following the distractor task,
the experiment automatically advanced to the
instructions for the test phase.
Test phase. After completing the distractor
task, participants were instructed that they
would be asked to distinguish previously seen
words from unseen words by clicking a Yes or
No button, followed by a rating of their confidence in their recognition memory using a sliding scale that ranged from 0 (lowest confidence)
to 100 (highest confidence). For each item, the
slider was initially set to 50. Participants entered their responses at their own pace. The test
did not proceed to the next screen until both the
recognition judgment and the confidence rating
were provided. To avoid errors due to inattention, participants who wished to enter 50 as
their confidence judgment had to confirm their
choice by clicking on the slider. Participants in
the one-list condition were presented with 30
items, including the 15 studied items and 15
novel items (five strong lures, five weak lures,
and five unrelated words), in individually randomized order. Participants in the 10-list condition were tested on 300 words, 30 per list (15
studied items, five strong lures, five weak lures,
and five unrelated items). The presentation order was individually randomized such that
words from all 10 lists were mixed together.

7

After entering their last recognition judgment
and confidence rating, participants answered
some demographic questions, were debriefed,
and compensated.
Results2
Descriptive statistics. Descriptive statistics, including accuracy rates (overall and by
trial type), discriminability indices (comparing
studied items to the three other trial types), and
mean confidence levels (overall and by trial
type), are reported in Table 1. In line with
previous research (DeSoto & Roediger, 2014;
Roediger & DeSoto, 2014a), memory in both
conditions was most accurate for unrelated
items, followed by studied items, weak lures,
and strong lures. Also in line with previous
research (Gillund & Shiffrin, 1984; Gronlund &
Elam, 1994; Murnane & Shiffrin, 1991; Ratcliff
et al., 1990; Shiffrin et al., 1995; Strong, 1912),
a list-length effect emerged, such that memory
accuracy was considerably higher in the one-list
condition than in the 10-list condition. In the
one-list condition, confidence judgments exhibited the same pattern as accuracy, with the highest confidence ratings given to unrelated items,
followed by studied items, weak lures, and
strong lures. In the 10-list condition, confidence
judgments were overall lower and less differentiated by trial type than in the one-list condition.
These descriptive measures confirm the soundness of the experimental design and manipulation.
Modeling strategy. We investigated the
confidence–accuracy relationship using mixedeffects modeling (Baayen, Davidson, & Bates,
2008). Mixed-effects models offer at least four
clear advantages over the measures of statistical
relatedness routinely used in metacognition research, including Goodman–Kruskal’s " (also
known as resolution; Goodman & Kruskal,
1954) and Pearson’s r.
First, between-subjects and between-events
correlations rely on the summary statistic
method, with the first one collapsing across
item-level dependencies and the second one collapsing across participant-level dependencies in
the data, thus losing valuable information. By
contrast, mixed-effects models have the ability
2
All raw data and analysis scripts are available for download from the OSF (https://osf.io/9z2gp).

Note. Exp ! Experiment; SI ! studied items; UR ! unrelated items; SL ! strong lures; WL ! weak lures. For each experimental condition, we report modality of stimulus
presentation at encoding and at test, sample size, the number of thematic lists studied, accuracy (overall and broken down by trial type, rounded to integers), discriminability indices
(d=) comparing studied items to the other trial types (rounded to two decimal places), and confidence ratings (measured on a 0 –100 scale, rounded to integers). Accuracy is expressed
in terms of percentages, whereas for confidence ratings we report means and, in parentheses, standard deviations.

70 (28)
62 (29)
69 (27)
67 (28)
67 (27)
69 (28)
62 (25)
94 (16)
62 (29)
74 (27)
72 (30)
68 (30)
79 (27)
57 (27)
84 (23)
66 (29)
76 (26)
76 (27)
75 (27)
75 (27)
74 (26)
82 (25)
64 (29)
73 (27)
72 (28)
71 (28)
74 (28)
66 (27)
1.41
.80
1.16
1.28
1.19
.88
1.34
1.08
.22
.61
.66
.50
.50
.74
1.08
1.24
1.78
1.90
1.52
.97
2.05
86%
55%
67%
69%
67%
76%
73%
67%
38%
46%
51%
46%
52%
52%
99%
74%
92%
86%
92%
92%
91%
86%
71%
77%
73%
71%
69%
73%
85%
64%
73%
71%
70%
72%
72%
1
10
5
5
5
1
8
208
64
146
200
200
170
70
Visual
Visual
Visual
Auditory
Auditory
Vignette
Vignette
1
1
2
2
2
3
3

Visual
Visual
Visual
Auditory
Visual
Visual
Visual

SL
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Encoding
Exp

Test

N
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SL
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Confidence
d=
Accuracy
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Table 1
Descriptive Statistics for All Experiments

This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

75 (26)
60 (28)
66 (27)
65 (28)
64 (28)
71 (28)
58 (25)

KURDI, DIAZ, WILMUTH, FRIEDMAN, AND BANAJI

WL

8

to detect confidence–accuracy relationships
while simultaneously adjusting for item-level
dependencies (i.e., the fact that average levels
of accuracy may differ across items) and participant-level dependencies (i.e., the fact that
participants may differ in terms of their average
levels of accuracy and in terms of the extent to
which their confidence judgments predict accuracy).
Second, as opposed to purely descriptive
measures such as Goodman–Kruskal’s " or
Pearson’s r, mixed-effects modeling offers a
model-based approach to data analysis. Thus,
using mixed-effects modeling allows researchers to calculate (comparative) model fit indices,
as well as point estimates, confidence intervals,
and p values for individual model parameters,
and predicted values of the response variable
given a certain configuration of the independent
variables. For instance, unlike " or Pearson’s r,
mixed-effects modeling makes it meaningful to
ask questions like what is the best estimate for
the conditional probability of an accurate response given that the item is a strong lure with
a confidence rating of 56 on a 0 –100 scale.
Third, it is impossible to calculate Goodman–
Kruskal " and other descriptive measures of
metacognitive accuracy for participants who are
either at ceiling or at floor within a given trial
type. This issue is far from trivial. For example,
in the one-list condition of Experiment 1 (discussed in more detail below), overall resolution could be calculated for only 39 out of 208
participants and, for a certain trial type, no
more than one single participant. Thus, this
measure conveys a heavily distorted impression of the data. Mixed-effects models, by
contrast, have the ability to take into account
data from all trials and all participants even if
a given item or participant does not have
sufficient variability to calculate traditional
measures of metacognitive accuracy.
Finally, especially if a significant portion of
variance is due to random item effects (which,
as we demonstrate below, are characteristic of
these data), the inferential tests accompanying
traditional measures of metacognitive accuracy,
such as the t statistic used to establish that a
correlation differs from zero, can be prone to
elevated Type-I error rates. This problem is
only exacerbated if the same data are analyzed
repeatedly, using several measures of statistical
relatedness, without any adjustment for multiple
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testing. Mixed-effects models, by contrast, preserve nominal Type-I error rates, even in the
presence of significant item effects (Murayama,
Sakaki, Yan, & Smith, 2014).
Model fitting. Model fitting was performed
using the lme4 package (Bates, Maechler,
Bolker, & Walker, 2015) in the R statistical
computing environment. Model selection proceeded stepwise. Across all the models, memory accuracy (accurate vs. inaccurate) was the
response variable. A null model containing only
a random intercept for participants, controlling
for individual differences in terms of memory
ability, was used as a baseline. In the second
step, a random intercept for items was added,
accounting for the possibility that some items
may, on average, have been more memorable
than others. In the third step, a random slope for
confidence was included to allow for the possibility that the relationship between confidence
and accuracy might vary across participants.
After fitting the random part of the model, fixed
effects were entered stepwise. First, a main effect for trial type was added, followed by a main
effect for confidence, an interaction between
confidence and trial type, a main effect for list
length, and finally a three-way interaction between confidence, trial type, and list length.
Across all experiments, a likelihood ratio test
was conducted following each modeling step to
assess whether entering the given effect led to a
significant improvement in model fit (see Table 1
in the supplementary materials provided on the
Open Science Framework [OSF], https://osf.io/
9z2gp). The best-fitting model for each experiment was the model including random intercepts
for participants and items and random slopes for
confidence across participants, as well as a threeway interaction between trial type, confidence,
and list length (Experiments 1 and 3) or trial type,
confidence, and modality (Experiment 2). Therefore, for the remaining experiments, we report and
interpret only this best-fitting model, with the details of model fitting provided in OSF Table 1.
Overall, the incremental improvements in model
fit suggest that as expected, there was a relationship between memory confidence and memory
accuracy in all experiments and the confidence–
accuracy relationship was modulated by trial type,
list length, and modality of stimulus presentation.
Model interpretation. OSF Table 2 (https
://osf.io/9z2gp) shows coefficients from the best
fitting model. Studied items were selected as the

9

reference category, and mean centering was applied to the confidence variable. Because the
model was a mixed-effects logistic regression,
regression coefficients express log odds ratios.
Given that the predictors are interaction terms
between continuous and categorical variables,
regression coefficients are devoid of easily accessible intuitive meaning; therefore, the model
interpretation provided below relies on a visual
summary of the model as well as modelpredicted conditional probabilities. Observed
and model-predicted conditional probabilities
of making an accurate recognition judgment as
a function of trial type, confidence, and number
of lists studied are shown in Figure 1, which
provides a succinct and comprehensive visual
summary of the model. To facilitate interpretation of the plot, we report predicted values for
the lowest, mean, and highest levels of confidence across list lengths and trial types.
One-list condition. Figure 1 displays the
one-list condition in black. As shown in the top
left panel of Figure 1, a strong positive relationship was found between memory accuracy and
memory confidence for studied items. The predicted probability of giving an accurate response was 21.0% at the lowest level of selfreported subjective confidence, 86.3% at the
mean level of confidence, and 96.5% at the
highest level of confidence. Semantically unrelated items are generally easy to detect as not
belonging to the list and should have been correctly identified as such. Consistent with that
expectation, although there seemed to be a
slight positive relationship between confidence
and accuracy for unrelated items, participants’
performance was close to ceiling regardless of
their confidence ratings, except for the lowest
levels of confidence (see top right panel of
Figure 1). Accordingly, the predicted probability of giving an accurate response was 42.9% at
the lowest level of self-reported subjective confidence, 98.9% at the mean level of confidence,
and 99.9% at the highest level of confidence.
For strong lures, participants performed barely
above chance at the lowest level of confidence;
however, they were considerably more likely to
be accurate at the highest level of confidence
(see bottom left panel of Figure 1). The predicted probability of giving an accurate response was 59.4% at the lowest level of selfreported subjective confidence, 70.6% at the
mean level of confidence, and 75.1% at the
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Figure 1. Mixed-effects logistic regression predicting accuracy as a function of a three-way
interaction between trial type, confidence, and list length, controlling for item-level and
participant-level dependencies (Experiment 1). Even though the model included centered
confidence values, for ease of interpretation the x-axis shows raw confidence scores (on a
scale from 0 to 100) and the y-axis shows probability of an accurate response, conditioned on
the level of confidence. Each panel shows a different trial type. The lines represent modelpredicted conditional probabilities, whereas the dots represent observed conditional probabilities. The black line and black circles correspond to the one-list condition and the gray line
and gray squares correspond to the 10-list condition.

highest level of confidence. For weak lures,
confidence was a reliable predictor of accuracy
(see bottom right panel of Figure 1). Memory
performance was well above chance (71.2%),
even on trials with low levels of subjective
confidence. On trials at the mean levels of subjective confidence, accuracy increased to 88.6%
and at the highest levels of subjective confidence, to 93.0%.
10-list condition. In the 10-list condition,
displayed in gray in Figure 1, the results were
similar to the one-list condition for studied and

unrelated items and markedly different for strong
and weak lures. Just as in the one-list condition, a
strong positive relationship was found between
memory accuracy and memory confidence for
studied items (see top left panel of Figure 1). The
predicted probability of giving an accurate response was 40.5% (i.e., below chance) at the lowest level of self-reported subjective confidence,
75.9% at the mean level of confidence, and 86.6%
at the highest level of confidence. For unrelated
items, the confidence–accuracy relationship was
still positive, but stronger than in the one-list con-
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dition (see top right panel of Figure 1). The predicted probability of giving an accurate response
was 49.6% at the lowest level of self-reported
subjective confidence, 78.7% at the mean level of
confidence, and 87.3% at the highest level of
confidence. The most likely reason for this difference across conditions is that studying 10 lists
placed more cognitive demand on participants
than studying one list. Therefore, a higher rate of
false alarms was elicited by unrelated items, thus
providing more room for an association to emerge
between confidence and accuracy. Unlike in the
one-list condition, a negative, rather than positive,
confidence–accuracy relationship was found for
strong lures (see bottom left panel of Figure 1).
The predicted probability of giving an accurate
response was 42.4% at the lowest level of selfreported subjective confidence, 35.5% at the mean
level of confidence, and 32.5% at the highest level
of confidence. For weak lures, the positive confidence–accuracy relationship observed in the one-list
condition was eliminated and memory accuracy and
subjective memory confidence were unrelated. As
shown in the bottom right panel of Figure 1, the
predicted probability of an accurate response was
55.7% across all levels of confidence.
Discussion
Experiment 1 explored spontaneous accessibility and amount of material to be encoded as possible moderators of the relationship between the
objective accuracy of recognition memory judgments and participants’ subjective confidence in
their memory performance. In the relatively undemanding one-list condition, in which participants
studied 15 items and were tested on 30 items, an
interaction was observed between confidence and
trial type, reflecting varying strengths of the positive relationship between memory confidence and
memory accuracy across trial types. For studied
items, the relationship was strong, that is, memory
accuracy tracked confidence judgments. For weak
lures and strong lures, a similar pattern of results
emerged; however, the confidence–accuracy relationship was weaker than for studied items. For
semantically unrelated items, the accuracy of
memory judgments was close to ceiling irrespective of confidence, as expected given their easy
discriminability.
This pattern of results proved to be both remarkably stable and surprisingly malleable as the
number of lists to be memorized was increased
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from one to 10. Just as in the one-list condition, a
positive confidence–accuracy relationship was observed for studied items and semantically unrelated items. However, the findings for highly accessible nonstudied items stand in sharp contrast
with the one-list condition: For strong lures, we
obtained a negative confidence–accuracy relationship, and for weak lures, a zero confidence–
accuracy relationship. As such, these results remove some interpretational ambiguities from
those Roediger–DeSoto studies that found a negative or zero relationship for strong lures and a
zero or positive relationship for weak lures, depending on the method of analysis used. Moreover, by virtue of the fact that items were presented in consistent (visual–visual) modalities at
encoding and at test, Experiment 1 showed that
the negative confidence–accuracy relationship detected by DeSoto and Roediger (2014) and Roediger and DeSoto (2014a) was not (exclusively)
due to mixed modalities across encoding and test,
but rather due to participants’ inability to distinguish chronically high spontaneous accessibility
of items from temporarily increased accessibility
because of their recent presentation in the context
of the experiment.
Experiment 2
Experiment 1 demonstrated that metacognitive
performance is tethered to cognitive performance
even under the simplest of learning conditions,
that is, when presentation modality of the items
remains the same across encoding and retrieval
and the material to be remembered is a single list
of 15 semantically related words. Increasing the
number of lists to be encoded from one to 10 led
to a decline in the confidence–accuracy relationship, at least for strong and weak lures. In the
10-list condition, we continued to observe a strong
positive relationship between subjective confidence and accuracy for studied items; however,
the relationship became nonexistent for weak
lures, and even markedly negative for strong lures,
as the amount of information to be memorized
increased. This suggests that, ironically, people’s
metamnemonic capacities may fail them precisely
in those situations when they would need them the
most, that is, when their memory becomes errorprone due to heavy cognitive load.
In Experiment 2, we tested an additional moderator of the confidence–accuracy relationship,
varying the modality in which the items were
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presented at encoding and at test. Accordingly,
Experiment 2 included three between-participants
conditions, with stimuli presented in (a) consistent
visual modality across encoding and retrieval (i.e.,
visual–visual condition), (b) consistent auditory
modality across encoding and retrieval (i.e., auditory–auditory condition), and (c) inconsistent auditory and visual modalities across encoding and
retrieval (i.e., auditory–visual condition). Just as
the increase in list length allows us to build better
theories of cognition, as well as to mimic the
natural world in which critical and irrelevant information varies in its amount, the introduction of
modality was both of theoretical interest and reflected everyday situations in which information,
especially of any consequential sort, is rarely
merely read, given the auditory nature of much
social interaction.
In line with previous work demonstrating detrimental effects to memory as result of auditory
presentation (Beauchamp, 2002; Cleary &
Greene, 2002; R. E. Smith & Hunt, 1998), mixed
modalities across encoding and retrieval (Kellogg,
2001), and both (Gallo et al., 2001; Israel &
Schacter, 1997), we expected that memory performance would be superior in the consistent (visual–
visual) compared with the mixed (auditory–
visual) condition and, possibly, also the auditory–
auditory condition. The experiments by Roediger
and DeSoto used a mixed-modality design (auditory encoding and visual testing) and thus no
evidence is available about the effects of modality
match and mismatch on the confidence–accuracy
relationship. However, in line with the results of
Experiment 1 demonstrating that failures of memory and metamemory tend to co-occur, it is possible that to the extent that memory performance
falters, there may be a concomitant decline in
metamnemonic performance, that is, the relationship between memory accuracy and confidence
could break down as a result of inconsistent modalities at encoding and test.
Method
Participants. 546 volunteers recruited via
Socialsci.com were paid $2.00 in exchange for
their participation.
Design and procedure. The design of Experiment 2 was similar to that of Experiment 1.
However, unlike in Experiment 1, the modality in
which stimuli were presented at encoding and at
test was varied between participants. 146 partici-

pants were pseudorandomly assigned to the visual–visual condition in which stimuli were presented visually both at encoding and at test, 200
participants to the auditory–auditory condition in
which stimuli were presented auditorily both at
encoding and at test, and 200 participants to the
auditory–visual condition in which stimuli were
presented auditorily at encoding and visually at
test. Unlike in Experiment 1, the number of lists
was held constant at five across conditions.
Visual–visual condition. The visual–visual
condition was identical to the 10-list condition of
Experiment 1, with the sole exception that all
participants memorized the same five, rather than
10, thematic lists (body parts, insects, sports, occupations, and weather phenomena).
Auditory–auditory condition. The auditory–
auditory condition was identical to the visual–
visual condition with the exception that the
to-be-memorized items were presented to participants auditorily rather than visually both
in the study phase and at test. The word lists
were recorded with a text-to-speech converter
(http://www.readthewords.com), using a female voice. For each list, the audio file started
by stating the theme of the list (e.g., “An
occupation or profession”), paused for 4 s,
and then proceeded to read the list aloud at a
rate of one word per 2 s. The duration of each
audio file was 35 s. Items were presented in a
randomized order that was held constant
across participants. As in Experiment 1, participants studied the lists at their own pace,
and were able to pause and rewind the audio
file at any time to hear the list again.3 After
encoding the lists of items and completing the
distractor task, participants provided recognition judgments for items presented in the au3
Participants in the studies conducted by Roediger and
DeSoto (DeSoto & Roediger, 2014; Roediger & DeSoto,
2014a) did not have the option to rewind the audio files. The
results of a supplementary study not reported in detail here
(see, however, the data file published on OSF, https://osf.io/
9z2gp) suggest that this procedural difference probably did not
have a major impact on our findings. In the supplementary
study, just as in Roediger and DeSoto (2014a), participants
studied 10 lists, with auditory presentation at encoding and
visual presentation at test. In the data file published on OSF,
mean accuracy by trial type was 70% for studied items, 90%
for unrelated items, 51% for strong lures, and 71% for weak
lures. Roediger and DeSoto (2014a) reported highly similar
values, with 70% accuracy for studied items, 88% for unrelated items, 56% for strong lures, and 70% for weak lures.
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ditory modality. In line with the self-paced
nature of the recognition task in visual–visual
condition, participants were allowed to listen
to items as many times as they wished before
entering their responses.
Auditory–visual condition. The auditory–
visual condition was identical to the visual–
visual and auditory–auditory conditions with
the exception that stimulus presentation modalities were inconsistent across encoding and retrieval, with items presented auditorily in the
study phase and visually at test.
Results
Descriptive statistics. Descriptive statistics are reported in Table 1. Overall, the pattern
of accuracy and confidence values was quite
similar to that found in Experiment 1. With
participants studying 5 lists in the present experiment, the mean level of accuracy was between the one-list and 10-list conditions of Experiment 1. Somewhat surprisingly given the
preponderance of existing research demonstrating modality effects on memory accuracy
(Beauchamp, 2002; Cleary & Greene, 2002;
Gallo et al., 2001; Israel & Schacter, 1997;
Kellogg, 2001; R. E. Smith & Hunt, 1998),
presentation modality did not modulate overall
levels of accuracy in the present experiment.
However, as in Experiment 1, trial type influenced accuracy. Memory was most accurate for
unrelated items, followed by studied items,
weak lures, and strong lures. Accuracy levels
and confidence judgments did not exhibit the
same pattern. Irrespective of presentation modality, the highest confidence ratings were provided for studied items, followed by unrelated
items, strong lures, and weak lures.
Model interpretation. The best-fitting
model for Experiment 2 included random intercepts for participants and items and random
slopes for confidence across participants, as
well as a three-way interaction between trial
type, confidence, and modality (see OSF Table
1, https://osf.io/9z2gp). Coefficients from the
best fitting mixed-effects model are reported in
OSF Table 3. Figure 2 provides a succint and
comprehensive visual summary of the model by
displaying observed and model-predicted conditional probabilities of making an accurate recognition judgment as a function of trial type,
confidence, and stimulus presentation modality.
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To facilitate interpretation of the plot, we report
predicted values for the lowest, mean, and highest levels of confidence across stimulus presentation modalities and trial types.
Visual–visual condition. Figure 2 shows
the visual–visual condition in black. Just as in
both conditions of Experiment 1, a strong positive relationship was found between memory
accuracy and memory confidence for studied
items (see top left panel of Figure 2). The predicted probability of giving an accurate response was 12.6% (i.e., close to floor) at the
lowest level of self-reported subjective confidence, 81.2% at the mean level of confidence,
and 94.3% at the highest level of confidence.
For unrelated items, the confidence–accuracy
relationship exhibited the same moderately positive direction as in Experiment 1 (see top right
panel of Figure 2), presumably due to a ceiling
effect. The predicted probability of giving an
accurate response was 80.6% at the lowest level
of self-reported subjective confidence, 93.8% at
the mean level of confidence, and 96.1% at the
highest level of confidence. For strong lures,
similarly to the 10-list condition of Experiment
1, the relationship between memory confidence
and memory accuracy was negative (see bottom
left panel of Figure 2). The predicted probability of giving an accurate response was 66.0% at
the lowest level of self-reported subjective confidence, 51.8% at the mean level of confidence,
and 46.0% at the highest level of confidence.
For weak lures, in line with the results of the
10-list condition of Experiment 1, a zero relationship was obtained between confidence and
accuracy (see bottom right panel of Figure 2).
The predicted probability of giving an accurate
response was 71.4% at the lowest level of selfreported subjective confidence, 68.9% at the
mean level of confidence, and 68.0% at the
highest level of confidence. Overall, these results suggest that increasing the amount of information to be memorized from one to five lists
is sufficient to observe the magnitude of detriment to metacognitive performance that was
found with 10 studied lists in Experiment 1.
Auditory–auditory condition. The auditory–auditory condition, displayed in gray in Figure 2, produced essentially the same results as
the visual–visual condition for each of the four
trial types. That is, a highly positive confidence–accuracy relationship was observed for
studied items, a moderately positive relation-
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Figure 2. Mixed-effects logistic regression predicting accuracy as a function of a three-way
interaction between trial type, confidence, and modality of stimulus presentation, controlling
for item-level and participant-level dependencies (Experiment 2). Even though the model
included centered confidence values, for ease of interpretation the x-axis shows raw confidence scores (on a scale from 0 to 100) and the y-axis shows probability of an accurate
response, conditioned on the level of confidence. Each panel shows a different trial type. The
lines represent model-predicted conditional probabilities, whereas the dots represent observed
conditional probabilities. The black line and black circles correspond to the the visual–visual
(V–V) condition, the gray line and gray squares correspond to the auditory–auditory (A–A)
condition, and the white line and white triangles correspond to the auditory–visual (A–V)
condition.

ship for unrelated items, a negative relationship
for strong lures, and a zero relationship for
weak lures. For studied items, the predicted
probability of giving an accurate response was
20.4% (i.e., below chance) at the lowest level of
self-reported subjective confidence, 77.5% at
the mean level of confidence, and 90.5% at the
highest level of confidence (see top left panel of
Figure 2). For unrelated items, the predicted
probability of giving an accurate response was

74.1% at the lowest level of self-reported subjective confidence, 87.9% at the mean level of
confidence, and 91.3% at the highest level of
confidence (see top right panel of Figure 2). For
strong lures, the predicted probability of giving
an accurate response was 49.9% at the lowest
level of self-reported subjective confidence,
41.4% at the mean level of confidence, and
38.1% at the highest level of confidence (see
bottom left panel of Figure 2). For weak lures,
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the predicted probability of giving an accurate
response was 68.6% at the lowest level of selfreported subjective confidence, 70.9% at the
mean level of confidence, and 71.8% at the
highest level of confidence (see bottom right
panel of Figure 2).
Auditory–visual condition. Compared with
both conditions involving consistent stimulus
presentation modalities, the auditory–visual
condition (displayed in white in Figure 2)
yielded highly similar results for studied and
unrelated items; however, the confidence–
accuracy relationship declined markedly for
both strong and weak lures. Just as in the visual–visual and auditory–auditory conditions, a
highly positive confidence–accuracy relationship was observed for studied items (top left
panel of Figure 2) and a moderately positive
relationship for unrelated items (top right panel
of Figure 2). For the former, the predicted probability of giving an accurate response was
11.8% (i.e., close to floor) at the lowest level of
self-reported subjective confidence, 77.5% at
the mean level of confidence, and 92.5% at the
highest level of confidence; for the latter, the
predicted probability of giving an accurate response was 77.9% at the lowest level of selfreported subjective confidence, 94.1% at the
mean level of confidence, and 96.6% at the
highest level of confidence. For strong lures,
the confidence–accuracy relationship was even
more strongly negative than in the consistent
modality conditions (see bottom left panel of
Figure 2). The predicted probability of giving
an accurate response was 60.4% at the lowest
level of self-reported subjective confidence,
34.8% at the mean level of confidence, and
26.1% at the highest level of confidence, corresponding to a 34-percentage point accuracy
gap between the lowest and highest levels of
confidence in the negative direction. Finally,
instead of the zero relationship that we observed in the visual–visual and auditory–
auditory conditions, a negative confidence–
accuracy relationship was found for weak
lures (bottom right panel of Figure 2). The
predicted probability of giving an accurate
response was 78.6% at the lowest level of
self-reported subjective confidence, 68.2% at
the mean level of confidence, and 63.5% at
the highest level of confidence.
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Discussion
Experiment 2 tested the effects of the modality of stimulus presentation on the confidence–
accuracy relationship. On the basis of extensive
previous work demonstrating modality effects
(Beauchamp, 2002; Cleary & Greene, 2002;
Gallo et al., 2001; Israel & Schacter, 1997;
Kellogg, 2001; R. E. Smith & Hunt, 1998), we
had predicted that presenting items in mixed
modalities across encoding and retrieval, and
possibly in consistent auditory modality, would
result in worse memory performance and, concomitantly, in a detriment to the confidence–
accuracy relationship. Contrary to this expectation, modality of stimulus presentation did not
affect memory accuracy. On the other hand, in
line with our prediction, we observed an attenuation of metacognitive performance due to
mixed modalities at encoding and retrieval,
whereas the auditory modality did not seem to
be inherently inferior to the visual modality.
However, it should be noted that metacognitive
performance did not decline equally across trial
types. Similarly to Experiment 1, increasing the
cognitive demands of the memory task left
metacognitive accuracy intact for studied and
unrelated items; at the same time, inconsistent
modalities across encoding and retrieval resulted in a highly negative confidence–accuracy
relationship for strong lures and a negative confidence–accuracy relationship for weak lures.
Thus, Experiment 2 further reinforces our conclusion from Experiment 1 according to which
Roediger and DeSoto (DeSoto & Roediger,
2014; Roediger & DeSoto, 2014a) may have
underestimated participants’ metacognitive capacities given the highly demanding nature of
the memory tasks that they included in their
studies, involving large numbers of lists and
inconsistent stimulus presentation modalities.
Crucially, this pattern of results also underlines
that, at least for deceptive items (i.e., strong and
weak lures in the present studies), poor cognitive performance goes hand in hand with poor
metacognitive performance.
Experiment 3
Experiments 1 and 2 were conducted using
lists of words because presenting stimuli in this
manner allows for complete control over participants’ learning and ensures high levels of in-
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ternal validity. However, in experimental research, there is often a tradeoff between internal
and external validity. In the context of the present studies, one might raise the objection that in
everyday situations, people rarely memorize
lists of words outside some meaningful narrative context. Therefore, in Experiment 3 we
create a more naturalistic set of materials to be
memorized so as to observe whether the results
obtained using word lists will replicate under
more ecologically realistic conditions. Thus, in
the present study, stimuli were presented to
participants at encoding as part of short legal
vignettes rather than as decontextualized lexical
items. On the one hand, a prediction could be
made that the switch to narratives will improve
memory by creating a causal structure through
which items are connected to each other (Black
& Bern, 1981). On the other hand, memory
performance under these conditions might decline further because of an increase in gist intrusions as a result of making shared category
membership of the stimuli more salient (Brainerd & Reyna, 2002). Be that as it may, the aims
of Experiment 3 were twofold: first, we sought
to replicate the metamnemonic effect of list
length obtained in Experiment 1 under ecologically more realistic conditions and second,
through a cross-study comparison with Experiment 1, we sought to explore the effects of
presenting items as word lists versus embedded
in short narratives on the confidence–accuracy
relationship.
Method
Participants. 170 volunteers recruited via
SocialSci.com were paid $2.00 in exchange for
their participation and 70 undergraduate students participated in exchange for course credit.
SocialSci.com participants completed the experiment using their own computers, whereas
the undergraduate participants completed the
experiment at a laboratory. SocialSci.com participants were assigned to the one-list condition
and undergraduate participants were assigned to
the eight-list condition (see below). The fact
that condition and participant pool were confounded may be considered less than ideal;
however, because the group with superior memory skills4, more proneness to demand effects
(Sears, 1986), and subject to more tightly controlled experimental conditions (Hamby & Tay-

lor, 2016) was assigned to complete the more
demanding task, if anything, this design should
result in conservative estimates about the effects
of list length on metamnemonic performance.
Design and procedure. The design of Experiment 3 was similar to that of Experiment 1.
However, unlike Experiment 1, the to-bememorized items were embedded in brief legal
narratives rather than presented as mere word
lists. Participants were assigned to a one-list
condition or an eight-list condition.
One-list condition. The materials and procedure used in the one-list condition of Experiment 3 were similar to those used in Experiment 1 but, instead of word lists to memorize,
studied items were embedded in a brief legal
narrative.5 For instance, the bird list was presented in the context of a legal narrative on bird
keeping and extinction.
Recent increases in the popularity of bird keeping have
led to a dangerous decline in certain bird populations in
a local county park. This decline would ultimately lead
to extinction of rare species of birds unless action is
pursued. The endangered birds due to the increase in
bird keeping are bluebirds, hummingbirds, seagulls,
penguins, parrots, parakeets, canaries and doves. Importantly, these are not the only bird populations that
are endangered. The populations of more predatory
birds that rely on the existence of these captured birds
are also decreasing. These predatory birds include
crows, sparrows, ravens, falcons, ostriches, pigeons,
and owls. The local environmental agency has called
4
Scores on the Scholastic Aptitude Test, used heavily in
the undergraduate admissions process, are highly correlated
with working memory ability (Daneman & Hannon, 2001).
In addition, the decline of episodic memory over the life
span is well-documented (for a recent review see Shing et
al., 2010) and many activities routinely performed by undergraduates involve memorization and testing, which also
suggests that they may be superior at tasks like the one
included in the present study compared with general adult
populations. Crucially, in a supplementary study not reported in detail here (see, however, the data file published
on OSF, https://osf.io/9z2gp), undergraduate participants
memorized 10 lists auditorily and were then tested visually.
Mean accuracy for studied items was 70%, for unrelated
items 90%, for weak lures 71% and for strong lures 51%. In
the auditory–visual condition of Experiment 2, where SocialSci.com participants memorized five, rather than 10,
lists, mean accuracy for studied items was 71%, for unrelated items 92%, for weak lures 67% and for strong lures
46%. That is, in spite of the fact that the undergraduate
participants were asked to memorize twice as many items,
their memory performance was slightly better than the
memory performance of SocialSci.com participants.
5
The full set of narrative stimuli is available for download from OSF (https://osf.io/9z2gp).
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on the city council to pass an ordinance prohibiting the
capture of birds from any local park by any unauthorized entity. This would also call for the creation of bird
capturing permits that may cause unneeded burden on
the already depleted city hall public committee resources. However, these actions must be pursued if
these bird populations are to be saved.

In the example presented above, the items on
which participants were later tested are highlighted for clarity. However, this was not the
case in the experiment: Although participants
were explicitly instructed to memorize the details of the case, they were not told to focus on
specific words. As in prior experiments, participants completed the study phase at their own
pace. The distractor task and the testing phase
were identical to Experiment 1, with the exception that in addition to providing recognition
judgments and confidence ratings, participants
also answered four yes or no questions regarding specific details of the narrative. These questions were exploratory in nature and will not be
discussed here.
Eight-list condition. The materials and procedure used in the eight-list condition were
identical to those used in the one-list condition,
but participants studied and were tested on the
content from eight different legal narratives.
The narratives were presented in an individually
randomized order. In addition to providing recognition judgments and confidence ratings, participants also answered 32 yes or no questions
regarding specific details of the narratives.
These questions were exploratory in nature and
will not be discussed here.
Results
Descriptive statistics. Descriptive statistics are reported in Table 1. Participants in the
one-list condition were markedly less accurate
than in the one-list condition of Experiment 1,
which involved memorizing the same number
of items presented as lists. This drop in performance affected all trial types but was most
pronounced for strong lures for which recognition judgments were at chance in the present
experiment. This suggests that embedding the
items in a vignette impeded rather than facilitated memory performance, presumably because participants did not know what aspect of
the text to focus on, or because the narrative
structure might have given rise to more gist
intrusions than presenting items as part of a list.
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Confidence ratings, on the other hand, were
comparable to the ones measured in the one-list
condition of Experiment 1. On average, participants were most confident for unrelated items,
followed by studied items, weak lures, and
strong lures.
In the eight-list condition, the accuracy of recognition judgments remained practically unchanged compared with the one-list condition,
thus lending credence to our conjecture above that
undergraduates’ memory performance may be superior compared with the general population. As
in the one-list condition, participants were most
accurate for unrelated items, followed by studied
items and weak lures with comparable values and,
finally, strong lures. Confidence ratings, on the
other hand, decreased markedly vis-à-vis the onelist condition, especially for unrelated items and
weak lures.
Model interpretation. As in Experiment 1,
the best-fitting model for Experiment 3 included
random intercepts for participants and items and
random slopes for confidence across participants, as well as a three-way interaction between trial type, confidence, and list length (see
OSF Table 1, https://osf.io/9z2gp). Coefficients
from the best fitting mixed-effects model are
reported in OSF Table 4. Figure 3 provides a
comprehensive and succinct summary of the
model by showing observed and modelpredicted conditional probabilities of making an
accurate recognition judgment as a function of
trial type, confidence, and list length. To facilitate interpretation of the plot, as for Experiments 1 and 2, we report predicted values for
the lowest, mean, and highest levels of confidence across list lengths and trial types.
One-list condition. Figure 3 shows the onelist condition in black. For studied items, similarly to the consistent results of both previous
experiments, a strong positive relationship was
found between confidence and accuracy (see top
left panel of Figure 3). The predicted probability of giving an accurate response was 17.5% at
the lowest level of self-reported subjective confidence, 68.7% at the mean level of confidence,
and 86.9% at the highest level of confidence.
For unrelated items, in line with the findings of
Experiments 1 and 2, no strong confidence–
accuracy relationship could emerge due to a
ceiling effect (see top right panel of Figure 3).
The predicted probability of giving an accurate
response was 62.2% at the lowest level of self-
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Figure 3. Mixed-effects logistic regression predicting accuracy as a function of a three-way
interaction between trial type, confidence, and list length, controlling for item-level and
participant-level dependencies (Experiment 3). Even though the model included centered
confidence values, for ease of interpretation the x-axis shows raw confidence scores (on a
scale from 0 to 100) and the y-axis shows probability of an accurate response, conditioned on
the level of confidence. Each panel shows a different trial type. The lines represent modelpredicted conditional probabilities, whereas the dots represent observed conditional probabilities. The black line and black circles correspond to the the one-list condition and the gray
line and gray squares correspond to the eight-list condition.

reported subjective confidence, 93.2% at the
mean level of confidence, and 97.4% at the
highest level of confidence. For strong lures,
unlike in Experiment 1, where the same number
of items were presented as lists, a negative,
rather than positive, confidence–accuracy relationship was obtained (see bottom left panel of
Figure 3). The predicted probability of giving
an accurate response was 56.8% at the lowest
level of self-reported subjective confidence,
51.8% at the mean level of confidence, and

49.5% at the highest level of confidence. For
weak lures, the confidence–accuracy relationship was positive, although less strongly so than
in Experiment 1 (see bottom right panel of
Figure 3). The predicted probability of giving
an accurate response was 58.9% at the lowest
level of self-reported subjective confidence,
80.5% at the mean level of confidence, and
87.1% at the highest level of confidence.
Eight-list condition. Figure 3 shows the
eight-list condition in gray. In line with previ-
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ous results, a tight alignment between confidence and accuracy was found for studied items
(see top left panel of Figure 3). The predicted
probability of giving an accurate response was
9.1% at the lowest level of self-reported subjective confidence, 76.0% at the mean level of
confidence, and 94.2% at the highest level of
confidence. For unrelated items, in spite of high
levels of subjective uncertainty, recognition
performance remained near ceiling for all levels
of confidence (see top right panel of Figure 3).
The predicted probability of giving an accurate
response was 85.4% at the lowest level of selfreported subjective confidence, 92.8% at the
mean level of confidence, and 94.9% at the
highest level of confidence. For strong lures,
the relationship between confidence and accuracy was markedly more negative than either in
the one-list condition of the present experiment
or in the 10-list condition of Experiment 1 (see
bottom left panel of Figure 3). The predicted
probability of giving an accurate response was
75.9% at the lowest level of self-reported subjective confidence, 50.4% at the mean level of
confidence, and 37.3% at the highest level of
confidence, corresponding to a 39-point accuracy gap in the negative direction. For weak
lures, just as in the 10-list condition of Experiment 1, accuracy was essentially unrelated to
confidence (see bottom right panel of Figure 3).
The predicted probability of giving an accurate
response was 74.5% at the lowest level of selfreported subjective confidence, 75.4% at the
mean level of confidence, and 75.8% at the
highest level of confidence.
Discussion
Unlike in the first two experiments, the study
phase of Experiment 3 involved memorizing
short legal vignettes rather than mere lists of
words, mimicking more closely the nature of
information as encountered in the social world.
In the one-list condition, a negative confidence–
accuracy relationship was observed for strong
lures, even though in the equivalent condition of
Experiment 1, where items were presented as
lists at encoding, the same relationship was positive. Moreover, as the amount of material to be
memorized was increased in the eight-list condition, the confidence–accuracy relationship for
strong lures became even more markedly negative, and for weak lures, the formerly positive
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relationship broke down. At the same time, in
line with both previous experiments, no detriment to metacognitive performance was found
for studied or semantically unrelated items.
The results of Experiment 3 may generalize
to more ecologically valid settings in which
people are rarely exposed to lists of semantically related words without any further context
but are often required to read short vignettes
like the ones encountered in this study. However, it should be noted that similarly to both
previous experiments, participants still received
an instruction to memorize the content of the
vignette (although not the items themselves),
suggesting that the results reported here may
represent the upper bounds of metacognitive
performance in similar real-world situations,
where learning is often incidental. Moreover, as
a further potential limitation of this experiment,
participant pools differed across the one-list and
eight-list conditions, and this difference may
have created a possible confound. We believe,
however, that because the more cognitively demanding task was completed under more tightly
controlled conditions (Hamby & Taylor, 2016)
by college participants likely to possess superior memory skills (Daneman & Hannon, 2001;
Shing et al., 2010) and more prone to experimenter demand (Sears, 1986), this study, if anything, underestimated the detrimental effects of
large amounts of to-be-encoded material on
metacognitive performance under more ecologically realistic conditions. Nonetheless, to conclusively eliminate this confound, future work
should replicate the study with participant pools
(and thus all demographic characteristics, including age) held constant across list length
conditions.
General Discussion
In the three experiments reported above, we
explored four possible moderators of the relationship between objective accuracy on a recognition
memory task and participants’ subjective judgments of memory strength: spontaneous accessibility, amount of material to be memorized, presentation modality at encoding and at test, and
information complexity (i.e., presenting items embedded in narratives vs. as decontextualized word
lists).
Consistently across the three experiments,
participants’ recognition memory was most ac-
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curate for items unrelated to the presented semantic categories, followed by studied items,
weak lures (i.e., nonstudied items with relatively low spontaneous accessibility), and
strong lures (i.e., nonstudied items with high
spontaneous accessibility). In fact, accuracy
never went below 74% for unrelated items and
69% for studied items, whereas performance
was barely above chance (55%) for weak lures
in one condition and for strong lures in several
experiments, dropping as low as 38% in the
10-list condition of Experiment 1. For studied
items, subjective confidence tracked accuracy
across all experiments: The higher participants’
confidence judgments, the more likely recognition memory was to be correct. For unrelated
items, recognition memory tended to be highly
accurate, presumably because detecting that the
semantic category to which the item belonged
was not presented at encoding was sufficient for
a correct rejection to occur. Due to the excellent
overall recognition memory performance (i.e.,
the restricted range of accuracy), confidence
and accuracy were barely associated with each
other for unrelated items. As discussed below,
the confidence–accuracy relationship for weak
and strong lures varied quite substantially
across the experiments and conditions as a function of additional moderator variables, ranging
from positive to highly negative; however,
within each study, participants’ metacognitive
performance was consistently better for studied
items than for weak lures and for weak lures
than for strong lures.
In combination with previous work using the
DRM paradigm (Deese, 1959; Gallo, 2010;
Roediger & McDermott, 1995) and recent studies conducted by Roediger and DeSoto using
the same paradigm as the present work (DeSoto
& Roediger, 2014; Roediger & DeSoto, 2014a),
these findings militate strongly against the view
that list learning involves reproductive memory
(Leippe, 1980). Rather, it seems that similar
reconstructive processes might be at work in the
case of mere lists of lexical items, on the one
hand, and richer and ecologically more valid
scenarios customarily used in eyewitness memory research, on the other hand. Moreover, the
findings of this project also call into question
direct-access theories of metamnemonic judgments (Hart, 1965; Schwartz, 1994), according
to which humans have privileged metacognitive
access to the contents of their minds on the basis

of which they can provide accurate verbal reports on the strength of memory traces. If that
view were warranted, participants should have
exhibited excellent metamnemonic performance across the board or, at least, the confidence–accuracy relationship should not have
been systematically modulated by trial type.
This was evidently not the case.
As such, our results corroborate existing
work showing that metamnemonic judgments
are subserved by inferential processes (Benjamin, Bjork, & Schwartz, 1998; Brewer et al.,
2005; W. F. Brewer & Sampaio, 2006, 2012;
Jacoby & Whitehouse, 1989; Kelley & Lindsay,
1993; Koriat, 1995, 2012; Rhodes & Castel,
2008; Stone, Luminet, & Hirst, 2013). More
specifically, they provide evidence for Koriat’s
(2008) consensuality principle, according to
which ratings of subjective memory confidence
track the consensuality rather than the accuracy
of the response. In line with this view, a strong
positive relationship emerged between subjective confidence and objective accuracy for consensually correct studied items, whereas the relationship was almost always zero or negative
for consensually wrong strong lures. According
to Koriat (1997), the inferences subserving
judgments of subjective confidence are based
on three main kinds of information: intrinsic
cues related to the stimulus, including associative relatedness or imagery value, extrinsic cues
related to stimulus presentation or processing,
including the number of items studied or levels
of processing, and internal mnemonic cues, that
is, the phenomenological experience accompanying information processing. Our findings
demonstrate that the intrinsic, stimulus-driven,
cues upon which participants base confidence
ratings include spontaneous accessibility, that
is, the frequency with which the given item is
spontaneously reported as a member of its category. In other words, when nonpresented but
highly accessible members of a category are
encountered in a recognition task, the strong
phenomenological experience of familiarity
may be misattributed to prior exposure within
the experiment.
In addition to spontaneous accessibility,
some further potential moderators of the confidence–accuracy relationship were also investigated. Based on extensive previous work (Gillund & Shiffrin, 1984; Gronlund & Elam, 1994;
Murnane & Shiffrin, 1991; Ratcliff et al., 1990;
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Shiffrin et al., 1995; Strong, 1912), we had
predicted that with increasing amounts of information to be encoded, participants’ memory
performance would falter, especially for lures
(Roediger & McDermott, 1995), and concomitantly, the relationship between accuracy and
confidence would be impaired. In line with our
expectations, memory accuracy decreased
markedly from the one-list condition to the 10list condition in Experiment 1. This decrease in
memory accuracy was accompanied by a decline in metamnemonic performance for deceptive items (i.e., strong and weak lures). However, for nondeceptive items (i.e., studied and
unrelated words), the positive confidence–
accuracy relationship remained impervious to
the amount of information to be encoded.
Furthermore, our experiments explored the
moderating effects of varying stimulus presentation modality at encoding and retrieval. Prior
work has yielded somewhat equivocal findings
regarding the effects of modality on memory
accuracy. Visual modality at encoding might
produce superior memory (Beauchamp, 2002;
Cleary & Greene, 2002; R. E. Smith & Hunt,
1998), better memory might be associated with
matching modalities across encoding and retrieval (Kellogg, 2001), or both (Gallo et al.,
2001; Israel & Schacter, 1997). Interestingly, in
these studies, we did not observe strong effects
of switching from consistent (visual–visual or
auditory–auditory) to inconsistent (auditory–
visual) modalities across encoding and retrieval
on memory accuracy. The effects of modality
on the confidence–accuracy relationship were
considerably more noticeable, with higher levels of confidence associated with lower probabilities of an accurate response for strong and
weak lures. However, similarly to Experiment
1, the metacognitive performance for studied
and unrelated items remained unaffected by the
increased cognitive load. Moreover, Experiment 2 offered strong evidence that the detrimental effects on metacognitive accuracy were
due to mixed modalities rather than auditory
presentation at encoding, considering that the
confidence–accuracy relationship was virtually
identical across visual–visual and auditory–
auditory presentations. This pattern of results
lends further credence to inferential theories of
metamemory given that conditions usually associated with poor memory performance led to
poor metamnemonic performance. Finally,
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these results suggest that given the design of
their studies, Roediger and DeSoto (DeSoto &
Roediger, 2014; Roediger & DeSoto, 2014a)
may have offered an overly pessimistic assessment of the confidence–accuracy relationship
for deceptive items given that their participants
memorized large numbers of items, and modalities were different across encoding and retrieval.
In Experiment 3, we probed the effects of
embedding the items in short legal narratives to
improve the external validity of our findings
(Banaji & Crowder, 1989, 1991). When participants were tested on one vignette, metamnemonic performance for strong lures declined
considerably compared with Experiment 1, in
which stimuli were presented as mere lists.
Moreover, when the number of items to be
memorized was increased eightfold, we obtained a highly negative confidence–accuracy
relationship for strong lures, on par with the
results observed for five lists and inconsistent
modalities across encoding and retrieval in Experiment 2. Thus, our findings seem to suggest
that similar processes might be in place in more
ecologically valid settings where lexical items
are usually embedded in coherent texts rather
than encountered as lists of words devoid of any
coherence or causal structure.
Overall, the theoretical implications of these
findings are unequivocal. Even supposedly simple
list-learning scenarios involve reconstructive
memory (DeSoto & Roediger, 2014; Roediger &
DeSoto, 2014a; Roediger & McDermott, 1995).
Moreover, metacognitive processes are inferential
(Koriat, 1997, 2012): When the cues used for
judging memory strength are imperfectly correlated with accuracy (e.g., when participants mistake spontaneous accessibility for accessibility as
a result of prior exposure), the usually positive
relationship between subjective confidence and
accuracy can break down. This problem is exacerbated even further if the conditions of encoding
or retrieval are suboptimal, including when large
amounts of information are to be retained, presentation modalities differ across learning and testing,
or the stimuli are embedded in narratives that
focus attention on the shared category of the
items, thus leading to gist intrusions.
In terms of practical implications, these findings suggest that episodic memory may be subject to something akin to the Dunning–Krueger
effect (Dunning et al., 2003; Kruger & Dun-
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ning, 1999). That is, ironically, metacognitive
monitoring might break down precisely in those
situations when one would need it most because
one’s memory performance is wanting. This has
important consequences for lay conceptions of
memory, eyewitness testimony, and educational
settings. According to naïve theories of memory, memory confidence tracks memory accuracy, that is, highly confident memories are
more likely to be accurate (Kassin, 1985; Kassin, Rigby, & Castillo, 1991; Lindsay et al.,
1981; Luus & Wells, 1994). In line with findings from the eyewitness memory literature
(Bothwell et al., 1987; Sporer et al., 1995), our
results confirm that this need not necessarily be
the case. To give a specific example, to the
extent that Black individuals are highly spontaneously accessible to a perceiver as members of
the category “criminal” (Eberhardt, Goff,
Purdie, & Davies, 2004), that perceiver might
be more likely to falsely recognize a Black foil
to have been present at the scene of a crime.
Moreover, the person might make the recognition judgment with a high level of subjective
confidence, mistaking chronically high spontaneous accessibility of Black individuals for an
episodic memory of a specific encounter. In
educational settings, students’ self-assessment
of their memory performance might not be in
line with their actual performance (Dunning et
al., 2003). Such failures may be especially
likely to occur when students need to retain
large amounts of information, when stimulus
modalities change from encoding to retrieval,
and when the to-be-remembered information is
encountered under conditions that encourage
gist-based processing.
Finally, our hope is that this project will
encourage researchers in the field of metacognition to use mixed-effects models in their own
work rather than descriptive indices of association such as Pearson’s r or Goodman–Kruskal "
(Goodman & Kruskal, 1954). As demonstrated
by the analyses presented above, mixed-effects
modeling is superior to correlation measures in
a number of ways. Unlike with correlations,
researchers can perform stepwise model fitting,
conduct inferential tests of individual parameters, and make predictions about the value of the
response variable given a certain configuration
of the independent variables. Crucially, mixedeffects models avoid the specification problems
and elevated false positive rates inherent in be-

tween-participants, between-event, and withinparticipant correlations in that they allow for the
inclusion of multiple random effects explicitly
accounting for different kinds of (participantlevel and item-level) dependencies in the data
without any loss of information.
Summary
Three experiments were conducted to investigate moderators of the relationship between
subjective confidence and the accuracy of recognition memory in several variations of a listlearning task. Subjective confidence was a consistently excellent predictor of memory
accuracy for studied items; however, for nonstudied items representing good instances of
their respective semantic categories (such as
“dog” for animals or “head” for body parts),
participants mistakenly relied on high levels of
chronic accessibility as a cue for memory
strength, especially when they had to encode
large amounts of information, stimulus presentation modalities differed across encoding and
retrieval, and stimuli were embedded in narratives encouraging gist-based processing. These
findings are irreconcilable with the view that
humans have privileged access to the strength of
memory traces and provide support for theories
positing that judgments of subjective confidence are the output of, sometimes error-prone,
inferential processes. Moreover, our results are
in stark contradiction with lay theories of memory according to which high levels of confidence always indicate high levels of memory
accuracy.
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